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Abstract (cont'd).

application rates studied. Grasses receiving sludge showed better establishment rates and greater plant cover and
growth, and were better able to withstand the hot drying conditions encountered during the summer months. Slightly
quicker grass establishment was noted at the higher rates of application of each nutrient source in Fairbanks, while
grass establishment at all sludge rates was good in Hanover. All fertilizer treatments performed poorly in Hanover.
No evidence of winter injury to the grasses was noted in any of the treatments.

Supplemental applications of nitrogen fertilizer in Hanover during spring of the second growing season proved
highly beneficial1The fertilizer helped maintain grass growth even during dry summer conditions.

The mulches were applied at the rate of 2,000 "lb/acre. They were found to be important in providing a more
nearly optimum environment for seedling establishment. Wood fiber mulch and the commercial Wood Fiber Mulch
2000, enerall were the bes rformers Slower grass establishment was noted when peat moss was used. Applica-
tions of sewage sludge and fertilizer increased the general fertility of the soil, while lime applications increased soil pH.
The increase in soil fertility and pH at the lower soil depths relates to the leaching of these materials throughout the
soil profile. This leaching accounts for the loss of nutrients needed for plant growth and shows the importance of
periodic soil testing.

• A cost analysis was performed to determine the more cost effective treatments. Sewage sludge was found to be
more expensive than fertilizer. The increased effectiveness of the sludge can justify its added expense, which
was highly dependent on transportation. The two mulches that performed best, wood fiber mulch and Wood Fiber
Mulch 2000, were among the least expensive mulches. 6
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REVEGETATION AT TWO CONSTRUCTION
SITES IN NEW HAMPSHIRE AND ALASKA

A.J. Palazzo, S.D. Rindge and D.A. Gaskin

INTRODUCTION But related information is available on the
growth of plants and use of fertilizers on

Soil stabilization after construction in cold exposed subsoils. Examples of research per-
regions presents some unique problems for formed on exposed subsoils include studies on
revegetation practices, because of the shorter agricultural and strip-mined lands and on other
plant growing season and low winter work at CRREL regarding revegetation tech-
temperatures in these regions. Construction niques after construction operations
operation, may strip the thin layer of productive Interest in information on exposed subsoils in
topsoil or the soil A horizon from the site and ex- agricultural areas has arisen because of land
pose subsoils, such as gravels, that exist in the B forming operations which utilize this informa-
or C horizon. Topsoils in cold and remote areas tion to improve crop production. Olsen"' noted
may be either unavailable or economically reductions in corn yields when 12 to 14 in. of
unfeasible to obtain for revegetation purposes. topsoil was removed. The addition of nitrogen,
Thus, a seedbed results that may be low in pH, phosphorus, potassium and zinc has been
fertility, organic matter, and moisture holding recommended to promote plant growth on such
capacity. To improve growing conditions on subsoils'' ' " " Carlson et al.' reported that
these soils, it is necessary to find readily nitrogen was the most limiting element in the
available and cost effective materials to in- subsoil studied, followed by phosphorus and
crease the nutrient content and water holding then zinc. The latter authors also reported that
capacity of the soils, applications of these three elements and manure

The objectives of this study were to were necessary to obtain similar yields to those
investigate the applicability and cost effec- noted on surface soils' Eck' and Eck et al
tiveness of various nutrient sources and mulch reported that nitrogen and phosphorus and
materials for revegetating gravel soils in cold optimum soil moisture were required to obtain
regions. Applicability is measured by the effec- maximum yields of sorghum on an exposed sub-
tiveness of materials in helping to revegetate soil. Babalola and Lal' noted that the'growth of
areas by either supplying plant nutrients, or maize seedlings was adversely affected when
maintaining soil moisture. The cost effectiveness soils contained a high concentration of gravels
of materials relates to their cost and availability in subsoils. In a separate study', these authors
versus their applicability, noted a reduced rate of root elongation when

the soil gravel content was greater than 10 to
20%.

LITERATURE REVIEW The use of biologically treated sewage sludge
as a soil amendment and as a fertilizer has been

Available information on revegetation prac- shown to improve plant growth on infertile
tices for gravel soils in cold regions is limited soils' 2 " ' This material adds both plant
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nutrients and organic matter. Sludges are par- established in the early growing season of 1976

ticularly known for adding nitrogen, phosphorus at two locations: in May at CRREL in Hanover,

and micro-nutrients to soils. Fertilizer additions New Hampshire, and in June at the CRREL

of potassium to supplement this material have Alaskan Projects Office Field Station in

been reported' " ' and may be required if soils Fairbanks, Alaska Overviews of these sites

are low in this element before treatment and the relatively poor soils
On newly seeded soils, mulches are beneficial studied are shown in Figures 1-4. The plots were

in counteracting excessive or deficient moisture assessed during three growing seasons (1976,
conditions, as well as in providing protection 1977 and 1978) to document the long-term
against soil crusting Mulches retard soil erosion establishment and growth of the grasses In May

and seedwashing during heavy precipitation and 1977, at the Hanover site only, half of each plot
retain moisture during dry periods. Musser and received a supplemental application of nitrogen
Perkins' noted that many seeding failures could fertilizer to note its effect on the maintenance of

be attributed to the absence of a mulch. grass growth and soil cover

Because of the low moisture-holding capacity A total of 18 treatments were established on
of gravel soils, mulches are necessary for plots measuring 10 x 12 ft. They were replicated

optimum seedling establishment Tacked straw, twice in New Hampshire, resulting in 3b plots,
wood fiber mulch and excelsior blanket appear and three times in Alaska, resulting in a total of
to be the most effective mulkh m.#,.telials in 54 plots (Table I]. Each treatment consisted of a
several research studies' ' ' " , 4 1 5 1 , 9". Rates combination of the following factors: a nutrient
of application average about 2 tons/acre for sourc? (fertilizer or sludge), a mulch (wood fiber
straw and about 1000 to 2000 Ib/acre for wood muhh and/or peat moss), and a tacking com-
fiber mulch pound (Curasol or the commercial tackifier in

Although straw and hay are effective Wood Fiber Mulch 2000) Two types of controls

mulching materials, new materials are contin- were installed-either no treatment or grass
ually being developed because of the decreasing seed only.
availability of good mulch hay or straw' ". The The sewage sludges applied were obtained

types of mulches that have been studied can be from Eielson Air Force Base for the Alaska site
found in reviews of these materials and in and from the Hanover sewage treatment plant
specific research reports and roadside studies '  for the New Hampshire study. Both sludges used
2" were anaerobic ally digested primary sludge and

The kinds of grasses and legume species contained approximately 33% moisture They
recommended for seeding newly constructed were nearly neutral in pH and contained about
sites vary with geographical area. Species 1 22% nitrogen, 0.61% phosphorus and 2.47%
adaptation to local climatic conditions is impor- potassium T he sludge application rates were 40,
tant. Hottenstein'" notes, in a review on roadside b) and 80 tons/acre
plants, the different types of grasses used Fertilizer was broad ast uniformly over the
throughout the United States. Although similar soil surfa(e by hand at each site at rates of 200,
plant species are sometimes used for roadsides 400 and 600 lb/acre. We initially intended to use
and pastures, seeding rates on roadsides and a 10-10-10 grade fertilizer at both sites. After
other low maintenance areas are greater applying this fertilizer in New Hampshire, we
because of the poor quality of seedbeds dis(overed that it was not available in Alaska;

therefore, we used a 10-20-20 grade fertilizer in

Alaska. Table 2 lists the total amounts of
EXPERIMENTAL DESIGN nitrogen, phosphorus and potassium applied at

each site by the fertilizer Similar rates of fer-

This study was designed to investigate tilizer nitrogen, a nutrient that stimulates grass
separately the effects of mulching materials and growth, were used at both sites. All of the
nutrient sources for the establishment of veget- nutrient treatments received wood fiber mulch

I, tion on gravel soils in cold regions On plots at the rate of 200)0 lbiacre In May 1977. at the
testing different mulches, nutrient source and New Hampshire site, half of each treatment
rate were held constant; and on other plots, re(eived supplemental fertilizer at the rate of 66
which tested variable nutrient source rates, a Ib/acre of nitrogen from anmonium nitrate fer-
constant mulch was used. Research plots were tilier (4-0-0), This was done to note the effects

2



Figure 1. New Hampshire site prior to treatment applications.

Figure 2 Alaska site prior to treatment applications.
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figure i. Soil surface at the New Hampshire site

Figure 4. Soil surface at the Alask~a site.
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Table 1. Plot numbers and treatments.

Plot$

New Nutrient
Ireatment Hampshire Alaska source' Mulch

1 1.19 1,19.37 Sludge WfM 2"t

2 10.28 10.28.46 fertidlger WI M 20)
3.21 1.21.19 Sludge WIM + Curasol

4 12.10 12,10.48 ferolcer WFM + Cur~sol

5 4.22 4.22.40 Sludge Peat moss
b 1 3i.1 1J. 11,49 fertillher Peat moss

7 5.21 b.24.42 Sludge Peat moss + WtM
a 14.32 14.12,50 teriluler Peat moss + WfM
9 b.24 7.25.41 Sludge -
10 15.11 16.14.52 fertller

11 2.20 2.20.38 Sludge WIM
12 11,29 11.29.47 Fertilier WfM

1 1 8.26 8.26.44 Sludge (60 toni/a(re) Wi M
14 17.35 17. 35.5 3 1 ertiier (200 lb/a(re) WiM

15 9.27 9.27.45 Sludge (80 tons, are) WIM
16 18,.1 18,Jb.54 ferttliler tlw lb, atre) WfM

17 7.25 15. 3,51 Control
18 16.J4 5.21.41 Control-

*Where not ,per ified. application rates were sludge 40 ton ( re and ler-
iiler 400 Iba re

tWtM = Wood Fiber Muith
-Not seeded

of relertiliiation ott the maintenance of grass
growth and plan( soil ( over

T he mnul(hing materials used in this study
were wood fiber mul( h (WFM). peat moss (PM),
Wood liber Mulhh 200() (WFM 2000) and
(urasol. hey were ap))lted separately or in com-
bination so that their relative effettivenesses

Table 2. Amounts of nutrients ap- (ould be determined
plied by commercial fertilizer to lacking (ompounds were combined with two
each site. of the mulch treatments to help reduce wind

erosion of the mulch and/or soil. Curasol, a white
Application viscous liquid with a pH of 4.5 to 5.0. was

rate Nutrients applied lib, acre) applied with the wood fiber mulch at the rate of
(lb,acrel N P, k .10 gal/acre and a dilution of 50.1, determined by

Alaska site: 1020201fertilizer field testing. The selected dilution rate fell
almost at the midpoint of the manufacturer's

200 20 17 11 recommended range of 4:1 to 90:1. 1he other
400) 40 34 6
60) 40 54 10 tat king treatment used was Wood Fiber Mulh

20() In this product. a tacking compound is
New Hampshire site: 10-10-10 fertilizer incorporated into the wood fiber mule h when it

2X) 20 9 17 is manufactured. The lacking chemical is later
400 40 17 H activated upon mixing with water.
6(X) 60 2b 5o The six resulting mulch treatments were 1)

, .wood fiber mulch (WFM), 2) wood fiber mul( h
plus Curasol (WFM+C). 1) Wood Fiber Mul h
2iX) (WIFM 2(XX)), 4) )eat moss and wood fiber
mulh (I'M + WIM), 5) peat moss (PM), and 6)

I.1k



no mulch treatment (CON [ROL) (Table 1). All Each site was marked as to its respective plot
mulches were applied at the rate of 200() lb/acre designs; then the various treatments were
and had a constant fertility rate of either 40 applied The order of application of materials
tons/acre sludge or 40(0 lb/acre fertilizer. Figures was. I) nutrient sources, 2) seed mixture, and 3)
5 and b show individual plots that received mulch treatments Agricultural limestone was
mulch treatments. Figures 7 and 8 show the also applied at 1 ton/are to all plots -initially

completed plots, at the Alaska site, and after the sludge
The seed mixture sown in Fairbanks contained treatments at the New Hampshire site.

Nugget Kentucky bluegrass (Poa pratensis L.), Three main categories of data were collected.
Pennlawn red fescue (testuca rubra Li. and 1) Vegetation establishment and growth were
Saratoga smooth bromegrass (Bromus inermis L.) assessed by visually estimating the percentage
(Table 3). In Hanover, reed canarygrass was of vegetative (over and the overall quality of
substituted for smooth bromegrass This seed the plants during the study. 2) Soil samples were
mixture was developed so that the sown vegeta- taken before and about one year after treatment
tion would germinate and stabilize soils rapidly applications to note changes in soil fertility. The

and then withstand extreme environmental soils were sampled (at the 0-4 in. depth in

conditions (low rainfall, low temperatures, and Hanover and the 0-4 and 4-8 in. depths in Fair-

low soil fertility). Nugget Kentu ky bluegrass is a banks) to determine any movement of nutrients
species developed in Alaska that can withstand within these coarse-textured soils. The samples

low temperatures. Seed of this species is readily were analyzed for pH, phosphorus and

available because of its popularity as a lawn potassium following the procedures outlined by
grass in the continental United States. Pennlawn Liegel and Schulte". The analyses of the soils

red fescue and reed canarygrass were selected prior to treatment are shown in Table 4. Plant

for their tolerance to low fertility and droughty yields were measured in Hanover during the

soils. The final species, Saratoga smooth third year of study to note biomass production
bromegrass, was chosen for its rapid germination which resulted from the various nutrient sources
and its resistance to low temperatures. Ihis mix- and rates. Grasses from the whole plot were
ture was sown uniformly at the rate of 60 lb/acre. clipped with a sickle bar mower. Grab samples

I.

Figure 5. Soil surface of plot that received wood fiber mulch.

6



Figure 6. Soil surface of plot that received Wood Fiber Mulch 2000.

I

F r ol Figure 7. New Hampshire plots.
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Figure 8. Alaska plots.

p Table 3. Grass seed mixtures and amounts ap-
plied to the test sites.

A p plication

Amount rate
Species 1%) Ilbare)

Nugget Kentucky bluegrass 40 24
Penniawn red tes ue 40 24
Saratoga smooth bromegrass
or Reed canarvgras 20 12

Total I0 M 6

Table 4. initial chemical and physical analyses of soils.

Soil Organic
depth matter p H P K Sand silt Clay

Site (in.) (tonsacre) (lb/acre)(% 1% %

Fairbanks 0-4 1s 70 58 65 88 10 2
Fairbanks 4-8 13 68 49 60 88 10 2
Hanover 0-4 5 66 73 S0 80 18 2

8



were then dried at 1580F for 48 hours to constant only about one third as much precipitation as
weight to obtain yields on a dry weight basis Hanover The low temperatures experienced at

both sites during the winter months indicate a
greater degree of frost action and freezing of

CLIMATE soils than in areas in warmer climates These
environmental conditions usually increase the

The test sites are both in cold (limates susceptibility of plants to winter killing
although Fairbanks has a much lower mean Growing season conditions during the three
annual temperature than Hanover Fairbanks, study years at both sites were variable (Tables 5
located in the interior basin of Central Alaska, and b)" "' In 1976. Hanover weather was slightly
has a continental climate" Precipitation nor- cooler and much wetter than normal, while
mally follows a regular subarc ti pattern and Fairbanks weather was warm and dry, especially
totals about 11.2 in/yr Growing season in August. Precipitation in Hanover fluctuated
precipitation normally builds up through the throughout the 1977 season: dry in May. wet in
summer months to a maximum average of 2 19 June, very dry in July, slightly dry in August, and
in. in August (Table 5). The normal mean annual wet in September Temperatures were close to
temperature is 25 70 F The highest and lowest normal Fairbanks also experienced variable
temperatures recorded are -650 and 9901 moisture conditions in 1977 between May and

The climate at the Hanover site is Woodland September, changing from wet to dry to wet,

of the Cool-Temperate Zone" Normal yearly with August being the driest month. It was
precipitation is 37.3 in with the normal monthly generally warmer then normal, especially in
maximum of 4.18 in oc( urring in Ituly (1 able 6)14 August The final year in Hanover again had
The normal mean annual temperature is 44 801' fluctuating precipitation (although less extreme)
The highest and lowest recorded temperatures with temperatures averaging slightly less than
are 10101 and -4001-J normal May and July were dry months and June

In summary, both sites experience a great and August were wet. Fairbanks had less extreme
range in temperatures with Fairbanks receiving variability in precipitation, with May and June

Table 5. Average temperature and precipitation in Fairbanks."2

Te. nperature i oF) Precipitation fin.)

Normal Normal

Month mean 1976 1977 1978 total 1976 1977 1978

jan -11 9 -115 -98 -01 060 022 031 039

Feb -25 -137 -86 -39 053 001 081 019
Mar 95 121 4.6 140 0.48 055 026 009
Apr 289 36.0 27.8 348 033 0.08 036 016
May 47 3 478 48.7 502 065 0.94 1 63 044
Jun 590 59.6 59.4 54.6 1 42 1.08 301 1 71
Jul 60.7 61.8 62.8 635 190 160 158 119
Aug 554 59.2 62.6 - 2.19 069 0.41 -
Sept 444 454 45.6 - 1,08 105 2 51 -
Oct 252 23.9 25.6 - 073 089 111 -

Nov 2.8 15.9 -7.6 - 0.66 013 019 -

Dec -104 -3.9 -14.9 - 0.65 008 080 -

Average 25.7 Total 11 22

9
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Table 6. Average temperature and precipitation in Hanover.

Temperature I Of) Precipitation fin.)

Normal Normal
Month mean 1976 1977 1978 total 1976 1977 1978

Jan 192 100 88 158 287 309 175 431
Feb 209 260 200 122 240 342 195 077
Mar 305 320 362 266 277 2 34 405 119
Apr 434 47 b 427 390 313 303 3 25 209
May 553 530 570 581 3 30 564 1 55 169
lun 646 b80 614 626 330 429 550 409
Jul 692 660 669 680 418 512 097 224
Aug b72 b5 0 b5 7 66 2 307 438 187 383
Sept 594 559 572 - 338 318 420 -

Oct 483 436 451 - 282 582 5 57 -
Nov 365 31 2 385 - 336 1 58 288 -

Dec 229 159 239 - 272 1 78 2 68 -
Average 44 8 Total 37 3

being close to normal and July fairly dry. Commercial fertilizer
Temperatures in Fairbanks, between May and All plots treated with commercial fertilizer in

July, went from warm to cool to warm Hanover (Fig. 1 1) had slower grass establishment
than those treated with sludge. No real grass
response occurred until the end of the second

RESULTS AND DISCUSSION growing season, In Fairbanks, initial grass
establishment was quicker, especially at the two

Nutrient sources higher fertility rates of 400 and 600 lb/acre (Fig.

Sewage sludge 14). During the second season and at the end of

In both Hanover and Fairbanks, the various the study, greater differences were noted be-

application rates of sewage sludge promoted tween application rates Grass ratings of the indi-

seedling establishment and increased grass vidual application rates at both sites were in the

cover on the soil surface over the controls (Fig following order: 400 > 600 > 200 and 0 Ib/acre. In

9-11). In Hanover, after the first season no real Fairbanks the 200-lb/acre treatment was similar

differences in plant cover relating to application to the control which received only seed.

rates were noted, while at Fairbanks the In general, grass cover on the Hanover plots

80-ton/acre application produced the best plant that received commercial fertilizer was not as

growth (Fig. 12). In Hanover, during the summer great as that on plots that received sewage

of the second growing season (1977), grass sludge (Fig. 15). In Fairbanks, initial ratings were

ratings were depressed on all sludge plots. This greater on the fertilized soils, but only 23 days

poor grass growth was related to the dry later the sludge treatments were better (Fig. 16).

summer Ratings improved with the onset of With the exception of the 2 August 1976 rating in

cooler, wetter conditions in the fall. In Fair- Fairbanks, grass establishment and growth were

banks, the second season ratings were higher better in the sludge-treated soil during this

than those of the first season. In the summer of three-year study than in those soils treated with

the third growing season (1978), grass ratings re- commercial fertilizer.

mained high at both sites but were slightly
depressed in Fairbanks relative to the previous Refertilization

year At the end of the study period grass ratings In May 1977, half of each treatment in

were similar for the three application rates Hanover received a supplemental application of

studied at each site. nitrogen fertilizer The fertilizer, ammonium

10
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Figure 12. Plots that received 60 tons/,acre (foreground) and 80 tons/acre

(background/ of sewage sludge in Fairbanks.
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Figure 15. Average percentage of grass Figure 16. Average percentage of

cover of sludge vs commercial fertil- grass cover of sludge vs commer-

izer in Hanover. cial fertilizer in Fairbanks.

nitrate (34-0-0), was applied at the rate of 200 Plant yields
lb/acre which supplied 66 lb/acre of nitrogen. Plant yields or total biomass production of

As noted in Figures 17-20, grasses receiving grasses were measured in Hanover in August
supplemental fertilizer grew better for the re- 1978 or during the third growing season (Table 7)
mainder of the study regardless of the nutrient No large differences in yields between appli(a-

source used. In the treatments that received tion rates of either commercial fertilizer or
sewage sludge at seeding, the supplemental fer- sewage sludge were noted at this time. Greater
tilizer helped maintain better grass growth (Fig. differences were noted in grasses receiving sup-
17). This was especially true during the summer plemental applications of commerciaM fertilizer
of the second growing season when the other than in those that did not. Refertilization
treatments had depressed ratings from the increased yields from 39 to 145% for both the in-
summer conditions, itially fertilized and sludged plots. Greater plant

A more beneficial response to refertilization weights were noted for grasses that originally
was noted for grasses that initially were treated received sewage sludge as compared with those

I. with commercial fertilizer. This refertilization in- that received commercial fertilizer.
creased grass ratings to over 80%. while grasses No harvesting was done in Fairbanks because

* that were not subsequently fertilized never of the costs involved in securing equipment and
received ratings better than 60% soil coverage transferring personnel to the site.

(fig. 18).
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Figure 17. Percentage of grass cover Figure 18. Percentage of grass cover
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Figure 19. The effects of refertilization on grass growth on plots that initially
received sewage sludge. Grasses at left received 66 lacre of nitrogen fertil-
izer.
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Figure 20. The effects of retertilization on grass growth on plots that initially
received fertilizer. Grasses at left received 66 Iblacre of nitrogen fertilizer.

Figure 21. Increased soil cover by grasses (on lefel receiving supplemental ter-

tilzer.
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Table 7. Total biomass production (yields) of Fairbanks, however, and on the whole had higher
grasses in Hanover during harvesting in August grass ratings than the sludge plots Relative rank-
1978. ing of the mulches was the same as for the

sludge plots, except that WFM had ratings closer
Without With to the peat moss group than to WFM 2000. Ihe

refertilization refertilization Difference fertilized mulches, in general, also kept the same
Treatment (Ib/acre) (lb/acre) (%) ranking throughout the remainder of the study

Sewage sludge (tonslacre) (Tables 8 and 9).

0 735 1078 48 Soil fertility
40 2181 4355 100
60 2581 5146 99 Soil samples taken over time and analyzed for

80 2373 3548 50 chemical content can be compared to note
improvements in soil fertility and movement of

Fertilizer (Iblacre) plant nutrients in the soil due to the applications

0 735 1087 48 of sewage sludge or fertilizers. For this purpose,
200 1183 2173 84 soils at both sites were sampled at the 0-3- and
400 1206 1894 57 3-6-in depths in Hanover and at the 0-4- and
600 1342 3284 145 4-8-in. depths in Fairbanks prior to treatment

establishment and again about one year later (in
Hanover in May 1977 and in Fairbanks in July
1977). The samples were analyzed for pH.
phosphorus and potassium (Tables 10 and 11) It

Mulches should be noted that desirable soil pH is near
The effectiveness of a mulch is most signifi- neutrality and adequate levels of phosphorus

cant (luring the first growing season since its pur- and potassium are usually stated as being about
pose is to promote seed germination and seed- 50 and 150 lb/acre, res, ectively. At both sites,
ling establishment by maintaining a more nearly then, initial soil content of phosphorus was ade-
optimum soil temperature and moisture content quate, but the content of potassium was low
Therefore, grass ratings were taken at both sites The pH level was at neutrality in Fairbanks and
near the end of the initial growing season to slightly a(idic in Hanover.
compare the effectiveness of the various mulch In the upper soil profile at both sites (0-3 in in
treatments with either sewage sludge or corn- Hanover and 0-4 in. in Fairbanks), soil levels of
mercial fertilizer as a nutrient source (Tables 8 phosphorus and potassium were increased
and 9; Fig. 22). In all cases, the mulched plots did relative to the initial levels (controls) because of
much better than the unmulched controls. the application of sewage sludge or fertilizer

(Tables 10 and 11). The pH was also increased,
Sludge primarily due to the 1 ton/acre lime application

At the end of the initial season at both sites, at seeding.
ratings for WFM 2000 and WFM were highest Soil contents in the lower profile at both sites
among the mulch plots treated with sludge (Fig. (3-b in. in Hanover and 4-8 in. in Fairbanks) were
22). These were followed by WFM plus Curasol also increased relative to the initial samples
and the peat moss combinations which had (Tables 10 and 11). These high values of soil pH,
somewhat similar ratings. Sewage sludge used phosphorus and potassium at the lower depth
alone had ratings slightly less than the peat moss indicate movement or leaching of these
group. Tables 8 and 9 also list ratings for the elements through the coarse soil profile and
second and third growing seasons. In general, away from plant roots.
the various mulch effectiveness ratings stayed in

1. -the same relative order throughout the study Cost analysis
A cost analysis was prepared to determine the

Fertilier cost effectiveness of the installation for each
During the first season in Hanover muh h plots treatment on a per-acre basis. Values used in the

treated with commercial fertilizer (lid poorly analysis for the materials and labor costs were
(Fig 22) The same plots did quite well in chosen from the national averages listed in

111
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Table 8. Percentage of grass cover in Hanover for the various
mulch treatments.

1976 1977 1978
Treatment* 27 Sept 22 Ap 171 Jul 5 Oct 23 May 10 )ul

SS+WFM 2000 63 80 55 100 100 100
SS + WFM 55 70 35 93 95 90
SS-+ WFM+Cu 40 70 30 88 80 85
SS + PM 40 65 30 75 70 70

SS + PM + WFM 35 65 30 73 65 70
SS 28 50 25 73 63 80
F+ WFM 2000 8 8 15 80 70 55
F+WFM 5 10 15 65 75 60
F+WFM+Cu 10 13 20 60 48 so
F + PM 8 8 20 65 40 45
F+PM+WFM 8 8 10 40 33 25
F 5 10 10 20 35 25

*SS = sewage sludge, F = fertilizer; WFM = wood fiber mulch PM = peat
moss; and Cu = Curasol.

Table 9. Percentage of grass cover in Fairbanks for
the various mulch treatments.

Grass cover (%)

Treatment 2 Aug 76 25 Aug 76 18 jul 77 20 Jul 78

SS + WFM 2000 55 88 92 75
SS + WFM 33 62 95 70
SS+Cu+WFM 45 45 88 57
SS + PM 17 30 88 52
SS+PM+WFM 25 38 88 82
SS 2 23 80 60

F + WFM 2000 80 80 93 87
F+WFM 80 65 92 87
F+Cu+WFM 72 57 65 40
F + PM 51 53 58 40
F+PM+WFM 50 53 42 47
F 22 35 33 27

00-

HANOVER FAIRBANKS

so (27Sp 76) S (25 Aug'76)
F

S - F
S~ F

40 o

0 ]S

Ia..i (*oI

20 lug'S
F~ F0 F

Figure 22. First season grass cover percentage on various
mulch treatments in Hanover and Fairbanks.
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Table 10. The effects of the various application Table 11. The effects of the various application
rates of fertilizers and sewage sludge on soil fertility rates of fertilizers and sewage sludge on soil fertility
in Hanover approximately 1 year after initial ap- in Fairbanks approximately 1 year after initial ap-
plication of nutrients. plication of nutrients.

pH P (Ib/acre) K (lb/acre) PH P (lb/acre K (Ib/acoe)
Nutrient 0-3" 3-6 0-3 3-6 0-3 3-6 Nutrient 0-4 4-8 0-4 4-8 0-4 4-8

40 tonslacre SS 78 77 81 100 60 65 40 tonslacre SS 71 71 105 66 87 83
60 tons/acre SS 74 73 73 98 60 60 W tons/acre SS 7 3 76 207 102 92 95
80 tonsJacre SS 77 72 85 86 60 75 80 tons/acre SS 73 73 223 105 100 87
200 lb/acre F 7.6 75 64 83 60 70 200 lblacre F 77 77 60 60 98 92
400 Ib/acre F 7.2 7 3 105 100 60 70 400 1b/acre F 71 63 55 36 107 8
600 Ib/acre F 74 70 113 108 70 90 600 lb/acre F 77 76 94 83 112 120
Control (not treated) 66 66 73 73 50 50 Control (not treated) 70 68 S8 49 65 W0

*Sampling depth in inches 'Sampling depth in inches

Table 12. Treatment cost breakdown.

Treatment Cost data Bare cost (S/acre) Total
no. Treatment line relerencet Mat Labor Total WIO&P

17 C 28 45 100 (m) 376 581 957 1230

14 C F (200 lb/acre) M 28 45 110 (m) 866 581 1447 1765

10 C F 28 45 100 871 581 1452 1770

2
6 C F M 28 45 110 1113 581 1694 2035

12

4 G F M Cu 28 45 110 (m) 1202 581 1783 2135
16 G F (600 lb/acre) M 28 45 110 (m) 1360 581 1941 2310

9 C 28 45 100 (m) 376 581 957 1230
SS(40 tons/acre) 28 25 10 (m) 0 1132 1132 1585

376 1713 2089 2815

1 G M 28 45 110 (m) 618 581 1199 1495
5 SS (40 tons/acre) 28 25 10 (m) 0 1132 1132 1585

11 618 1713 2331 3080

M 28 45 110 (m) 242 581 823 1080
G F M 28 25 110 1113 581 1694 2035

1355 1162 2517 3115
C M Cu 28 45 110 (m) 707 581 1288 1590

SS (40 tons/acre) 2.8 25 10 (m) 0 1132 1132 1585

707 1713 2420 3175

C M 28 45 110 (m) 618 581 1199 1493
13 55 (60 tons/acre) 28 25 10 (m) 0 1698 1698 2377

618 2279 2897 3870

M 2.8 45 110 (m) 242 581 823 1080
7G M 28 45 110 (m) 618 581 1199 1495

SS (40 tons/acre) 28 25 10 (m) 0 1132 1132 1585

* 860 2294 3154 4160
15G M 28 45 110 (m) 618 581 1199 1495
15 55 (80 tons/acre) 28 25 10 (m) 0 2264 2264 3170

618 2845 3463 4665

*See Table 1 for complete description of treatments
'Line reference from Building Construction Cost Data."
C = Grass, F Fertilizer (400 lb/acre), M = Mulch, Cu = Curasol

18
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Table 13. Treatment cost totals in order of increasing expense.

Treatment
Treatment Nutrient Bare cost IsIacre) Total,

no." Crass Type Amt/acre Mulch/tack MalT LaborT Total W/O&P

18 . .......

17 C - - - 376 581 957 1230
14 G F 200 lb WFM 866 581 1447 1765

10 C F 400 lb - 871 581 1452 1770
2 G F 400 lb WFM 2000 1113 581 1694 2035

12 G F 400 lb WFM 1113 581 1694 2035
6 C F 400 Ib PM 1113 581 1694 2035
4 C F 400 Ib WFM + Cu 1202 581 1783 2135

16 G F 600 lb WFM 1360 581 1941 2310
9 G SS 40 tons - 376 1713 2089 2815
1 G SS 40 tons WFM 2000 618 1713 2331 3080

11 G SS 40 tons WFM 618 1713 2331 3080
5 G SS 40 tons PM 618 1713 2331 3080
8 G F 400 lb PM+WFM 1355 1162 2517 3115
3 G 55 40 tons WFM + Cu 707 1713 2420 3175

13 G SS 60 tons WFM 618 2279 2897 3870
7 G SS 40 tons PM + WFM 860 2294 3154 4160

15 G SS 80 tons WFM 618 2845 3463 4665

'See Table 1 for complete description of treatments
tMat = materials costs. Labor = labor+ installation cost

"Total with overhead and profit includes a materials profit of 10% of the materials bare cost and an
overhead calculated at 40% of the labor bare cost

C = Crass. F = Fertilizer, SS = Sludge. WFM = Wood fiber mulch, WFM 2000 = Wood fiber mulch
2000. PM = Peat moss, Cu = Curasol

Building Construction Cost Data", a reference to hydromuching techniques ($581/acreJ would be

aid contractors in anticipating their construction used for all. Seed materials cost was estimated

expenses New Hampshire and Alaska have cost at $376/acre (based on $1.75/lb and 215 lb/acre

ranges of about 91% and 137%, respectively, of as given in Cost Data.) The fertilizer materials

the national average. These cost indices were cost was estimated at $1.25/lb and was varied

not included, however, because they change directly with the rate of application listed for

only the cost values and not the relative ranking each treatment, The same estimated materials

of treatments. cost was used for all three mulches ($0.12/lb or

Calculation of a treatment installation cost $242/acre). For treatments that included both

basically involves the addition of all expenses peat moss and wood fiber mulch, the

for materials and labor used. This initial cost hydromulching installation cost was doubled (to

breakdown is shown in Table 12. Bare costs are $1162/acre) because the mulches would have to
listed separately from the total cost, which in- be spread in two stages to avoid overloading the

cludes a materials profit of 10% of the materials equipment.

bare cost and an overhead calculated at 40% of Sludge application cost was computed as

the labor bare cost. Also listed in Table 12 are being equivalent to stockpiling and spreading of
references to the line number in Cost Data from topsoil. The line reference gives the cost for
which the cost values were taken. Modification rough spreading. Modification in this case in-

of the values given in Cost Data was sometimes volved the addition of $34/ 20 tons for hauling
necessary (indicated by an "(m" next to the line and dumping. No materials cost was included

Io reference) and usually consisted of an addition for the sludge. The application cost for sludge
to or subtraction from the materials cost de- was also varied with the rate of application.

pending on the contents of the treatment Treatment total costs per acre, including
Applications of seed, commercial fertilizer overhead and profit, range from $1230 for grass

and mulch were calculated on the basis that seed only to $4665 for grass, wood fiber mulch.
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and a high rate (80 tons/acre) of sewage sludge than that of the fertilized grasses. At both sites

(Table 13). In general, the treatments including the growth of grasses that received sludge

fertilizer are less expensive ($1765-3115) than treatments continued to be superior to the

those with sludge ($2815-4665). The high cost of growth of grasses that were fertilized.
sludge, however, is highly dependent on The greater sludge and fertilizer application
transportation and could be reduced con- rates in Fairbanks gave slightly faster grass
siderably with a nearby source. Increasing the establishment than the lower rates, while in

rate of fertilizer or sludge raises the cost, as ex- Hanover all sludge rates were similar and all did

pected. Adding factors to the basic treatment of well. All fertilizer treatments did poorly in

grass plus a nutrient source also raises the cost Hanover. During the second season at each site,
increasingly in the following order: 1) mulch, 2) little evidence of differences in plant growth was
mulch plus Curasol. and 3) double mulch. noted among rates of either sludge or fertilizer

Cost effectiveness of the treatments can be applications, with the exception of the
stated only in general terms. Sludge treatments, 400-lb/acre fertilizer treatment in Fairbanks
which were more expensive than the fertilizer Soil coverage by the grasses continued to im-
treatments by about $1050, promoted prove at both sites into the second growing
significantly better grass establishment. The season Three years of data from two
added expense of higher sludge rates, however, geographical locations show that mulches are
did not greatly improve grass cover. If sludge is highly beneficial to grass establishment. All
not available, though, fertilizer may be cost plots with mulch treatments performed better
effective if supplemented with nitrogen in subse- than the unmulched control plots, which had
quent growing seasons Among the various poor grass growth and vegetation cover At both
mulches, WFM 2000 and WFM were the most sites, Wood Fiber Mulch 2000 and wood fiber
cost effective in grass establishment and were mulch were the best performers. Peat moss and
among the least expensive mulches. sewage sludge applied either alone or in com-

bination with WFM did not perform as well.

Supplemental applications of nitrogen fer-
SUMMARY AND CONCLUSIONS tilizer in Hanover early in the second growing

season proved highly beneficial. The extra fer-
The objectives of this study were to invest- tlizer increased grass growth on plots that

igate the applicability and cost effectiveness of received sludge and especially on those that
various nutrient sources and mulch materials for initially received fertilizer.
revegetation of gravel soil test sites in cold During the summer of the second season in
regions. Test sites located in Hanover, New Hanover, grass coverage on the soil surface was
Hampshire, and Fairbanks, Alaska, were studied less than during the previous spring. This lower
for three growing seasons. Three rates each of coverage was most likely the result of heat stress
sewage sludge and commercial fertilizer were and drought The supplemental fertilizer appli-
used Mulching materials studied were wood cation, however, prevented this summer stress
fiber mulch with various types of tackifiers, peat period, producing much healthier plants, and in-
moss and sewage sludge. Desirable treatments creased soil cover that shaded the soil surface.
improved establishment and/or maintenance of Therefore, mulches were found to be important
grasses on these poorly productive gravel soils in providing a more nearly optimum seedling
at a relatively low cost. environment for grass establishment during the

In many respects the use of sewage sludge at first season, while supplemental fertilizer appli-
both sites was superior to the use of fertilizer at cations were noted as being beneficial in main-
the application rates studied This was especially taining grass growth during subsequent seasons.
evident in Hanover, where grasses receiving Applications of sewage sludge or fertilizer
sludge showed superior establishment rates. In were shown to increase the general fertility of
Fairbanks, which has a cooler climate than the gravel soil, while applications of lime in-

. -Hanover, a faster establishment rate was noted creased soil pH. In some cases increases in the
on plots treated with commercial fertilizer. Only rates of sludge and fertilizer application led to
20 days after the initial rating, however, the increased soil fertility.
grasses that received sludge treatments had an The additions of sewage sludge, fertilizer, and
establishment rate either similar to or better lime materials were also reflected at lower soil
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depths, indicating leaching of nutrients through Science Society of America Proceedings, vol 29, p
the soil profile. This loss of nutrients through 290-213

7leaching in this coarse-textured gravel soil 12 Gaskiri. D A. W Hannel. A I Palazz, R I: Rates and
points out the importance of periodic soil L k Stanley (19771 Utilization of sewage sludge for
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